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ATLAS OF ARCTIC ENVIRONMENT 

1. INTRODUCTION 

THIS TEXT PROVIDES SUPPLEMENTARY  INFORMATION CONCERNING SOURCES AND 

RELIABILITY OF A SERIES OF TWENTY-TWO MAPS PREPARED AT THE REQUEST OF 

THE GEOPHYSICS RESEARCH DIRECTORATE, AIR FORCE CAMBRIDGE RESEARCH LABOR- 

ATORIES.    THE PURPOSE OF THE STUDY WAS TO HAP THE DISTRIBUTIONS OF VARI- 

OUS CLIMATIC AND TERRAIN PHENOMENA WHICH MIGHT INFLUENCE THE SELECTION 

OF UNPREPARED LANDING SITES FOR WHEELED AIRCRAFT IN THE ARCTIC.    THE 

STUDY AREA  INCLUDES ALL LANDS ^ORTH OF 6^ DEGREES NORTH LATITUDE. 

DESPITE THE PRESENCE OF DASHED  ISOPLETHS OVER OCEAN AREAS (INCLUDED TO 

GIVE CONTINUITY TO THE LINGS),  NO RELIABLE INDICATION OF LANDING CONDI- 

TIONS ON SEA  ICE  IS INTENDED. 

MAJOR REFERENCES USED AS SOURCES OF    ATA IN COMPILING THE MAPS ARE 

LISTED IN SECTION k.    OTHER SOURCE MATER;A 3 WHICH WERE USED TO A LESSER 

EXTENT ARE TO BE FOUND IN THE BLBTIOGRAPHIL3 CONTAINED IN CERTAIN OF 

THESE REFERENCES.    ENTRIES CONTAINING SUCH BIBLIOGRAPHIES ARE PRECEDED 

BY ASTERISKS. 

2. DISCUSSION OF MAPS 

A. MAJOR  PHYSIOGRAPHIC FEATURES  (MAP l) 

THE POLAR STEREOGRAPHIC PROJECTION ON WHICH ALL MAPS IN THE 

SERIES W^PE BASED WAS ADAPTED FROM THE ARMY AJR FORCE STRATEGIC PLANNING 

MAP BF THE NORTHERN HEMISPHERE (SP-5),   PUBLISHED IN JANUARY 19^5«    THE 

HYPSOMETRIC SHADING ON THIS PARTICULAR MAP IS DELIMITED BY CONTOURS AT 

SEA LEVEL, 1,000 FEET, 5,000 FEET, 9,000 FEET, AND 13,000 FEET.  AREAS 
ABOVE 13,000 FEET ELEVATION ARE CONFINED TO VEPY SMALL PATCHES IN THE 

ALASKA, WRANGELL,  AND ST. ELIAS RANGES OF SOUTHERN ALASKA.    ALTHOUGH 

UNSHADED,  THEY ARE DIFFICULT TO DETECT AT THIS MAP SCALE.    NAMES OF 

PHYSIOGRAPHIC  PROVINCES ARE ESSENTIALLY THOSE OF LOBECK (9) WITH MINOR 

MODIFICATIONS BR THE AUTHOR. 

B. VEGETATION ZONES (MAP 2) 

THE ZONES OF NATURAL GROWTH SHOWN ON THIS MAP ARE BASED UPON 

DENSITY AND HEIGHT RATHER THAN FLORISTIC COMPOSITION.    THE MAP'S USE- 

FULNESS LIES  IN THE SUGGESTION OF RELATIVE OPENNESS,  SURFACE VISIBILITY, 

AND AVAILABILITY OF MATERIALS FOR CONSTRUCTION AND FUEL.    MANY OF THE 

LINES REPRESENT TRANSITIONS WHEREIN TWO ADJACENT ZONES  INTERMIX RATHER 

GRADUALLY THROUGHOUT BELTS OF VARIABLE WIDTH. 

ONE OF THE MOST SIGNIFICANT LINES ON THE MAP IS THE NORTHERN LIMIT 

OF FOREST TUNDRA WHICH REPRESENTS THE NORTHERN EXTENT OF TREE GROWTH IN 

MOST AREAS.  TH I S WAS DERIVED FROM POLUNIN (ll), WHO BASED ITS POSITION 

ON A CONSENSUS OF SEVERAL AUTHORITIES. 
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THE SHALL SCALE OF THE HAP AND MANY GAPS IN THE BASIC  INFORMATION 
HADE IT NECESSARY '.0 GENERALIZE WITHIN ZONES.    FOR EXAMPLES, THE TUNDRA 
ZONE DOES NOT SHOW THE CONSIDERABLE AREAS OF BARREN GROUND WITHIN IT, 
NOR DOES THE FOREST ZONE REFLECT THE EXTENSIVE ECONOMIC DEFORESTATION 
WHICH IS COHHON IN SCANDINAVIA AND IN THE RUSSIAN LOWLANDS SOUTH OF THE 
60TH PARALLEL.    THE ZONATION FOR HUCH OF NORTH AHCRICA WAS TAKEN FROM 
THE ATLAS OF CANADA (3) WHILE THE GREAT SOVIET ATLAS (17)  PROVIDED THE 
PRINCIPAL AUTHORITY FOR EURASIA. VARIOUS OTHER GEOGRAPHICAL REFERENCE 
WORKS WERE   CONSULTED. 

c    STATION LOCATIONS AND POLITICAL DIVISIONS (MAP 3) 

ALL STATIONS WERE LOCATED BY COORDINATES GIVEN IN THE MOST 
RECENTLY AVAILABLE GAZETTEERS BY THE U.S. BOARD ON GEOGRAPHIC NAMES. 
THERE ARE ABOUT 350 STATIONS SHOWN ON THIS MAP; HOWEVER., DATA FROM MORE 
THAN 900 STATIONS WERE UTILIZED ALTOGETHER.    SPELLINGS OF NAMES ARE THOSE 
CURRENTLY RECOGNIZED BY THE BOARD ON GEOGRAPHIC NAMES, EXCEPT FOR CERTAIN 
SIMPLIFICATIONS THAT HAVE BEEN APPLIED TO THE TRANSLITERATION OF RUSSIAN 
NAHES AS RECOHHENDED BY SHABAD {'\k) . 

LOCATIONS SHOWN FOR SHIPS OR FLOATING ICE STATIONS ARE FOR BOTH THE 

WARNEST AND COLDEST HONTHS ON RECORD AND ARE THE AVERAGE POSITIONS DURING 

THOSE MONTHS. 

0. DAILY EXTREHE TEMPERATURES (MAPS 4 t 5) 

OF ALL THE CLIMATIC HAPS IN THE SERIES, THESE TWO WERE BASED ON 
THE MO&R NUHEROUS DATA. RELIABILITY IS GOOD IN HOST AREAS EXCEPT THE 
INTERIORS OF GREENLAND, SPITZBERGEN, AND ELLESMERE ISLAND. WHILE THE 

RELIABILITY FOR THESE AREAS IS POOR, IT IS SAFE TO SAY THAT MEAN DAILY 
HAXIHUM TEMPERATURES RARELY RISE TO THE MELTING POINT ON THE HIGH ICE 
CAPS. THE ONLY STATIONS HAVING HEAN DAILY HIN:HUM TEMPERATURES ABOVE 
FRLEZING IN WINTER ARE KRAKENES ON THE SOUTHWEST COAST OF NORWAY AND 
THORSHAVN IN THE FAEROE ISLANDS. LINES ON BOTH MAPS ARE DRAWN AT INTER- 

VALS OF 10 F DEGREES.  THE PRINCIPAL SOURCES OF DATA ARE LISTED IN THE 
BIBLIOGRAPHIES OF THE CLI MAT IC ANALOG STUDIES (5, 6) AND CLI MAT IC INFOR- 
MATION SOURCES FOR GREENLAND (7). 

(ERRATA; ON MAP 4, THE TWO SMALL 7°° ISOTHERMS INCLOSED BY A 60
O 

LINE IN CENTRAL ALASKA SHOULD BE LABELED ^0°.      ON HAP 5; THE EASTERNMOST 
-600 ISOTHERM IN SIBERIA SHOULD READ -^O0.) 

E.    TEMPERATURE FREQUENCIES IN JANUARY (MAPS 6, 1, 8, 9,  10, & n) 

MOST OF THE DATA USED TO DRAW THESE SIX MAPS CAME FROM THE 
SEVERAL VOLUMES OF FREQUENCY TABLES PREPARED BY RAYNER (12, 13) , BASED 
UPON RECORDS OF 2 TO 10 YEARS. THE RELIABILITY OF MUCH Of THIS INFOR- 
MATION, ESPECIALLY FOR STATIONS WITH THE SHORTER RECORDS, IS NO BETTER 
THAN FAIR, AND RELIABILITY OF THE MAPS IS VARIABLE. 

IV 



FRCQUENCIES ARE SHOWN AT 10-PERCENT INTERVALS, WITH LINES roR 3 AN:> 

93 PERCENT GIVEN WHERE APPLICABLE.    A LINE DESIGNATED 0.1  PERCENT HAS 
BEEN DRAWN ON EACH HAP TO DELIMIT AREAS WHERE THE AVAILABLE FREQUENCY 
DATA REVEALED NO OCCURRENCE OF TEMPERATURES BELOW (OR ABOVE,  IN MAP 6) 
THE SPECIFIED VALUE.    THE COMPLETE CLIMATIC RECORDS CONTAIN AN OCCASIONAL 

MEASUREMENT BEYOND THE SPECIFIED LIMIT, BUT OCCURRENCE OF SUCH VALUES IS 

BELOW THE 0.1-PERCENT LEVEL OF FREQUENCY. 

(ERRATUM:   THE INCLOSED ^-PERCENT LINE  IN NORTHERN NOVAYA ZEMLYA 

SHOULD BE LABELED 20.) 

F. ANNUAL FREEZE-THAW CYCLES (MAP 12) 

THE LINES DRAWN FOR CANADA ARE BASED UPON ACTUAL DATA COMPILED 

BY WILLIAMS (18),   AND THE RELIABILITY or THIS PORTION OF THE MAP IS FAIR. 

FOR OTHER PARTS OF THE WORLD,  VALUES WERC ESTIMATED FROM A NOMOORAM DER- 

IVED FROM THE CANADIAN DATA BY DODO (4)  AND,  THEREFORE,  ARE LESS DEFINI- 

TIVE THAN THOSE BASED ON ACTUAL MEASUREMENTS.    THE BASIC TEMPERATURE DATA 

THAT WERE APPLIED TO THE NOMOGRAM CAME FROM THE BRITISH AIR MINISTRY (2), 
FALKOWSKI   (3),  AND HASTINGS (6). 

ISOPLETHS WITHIN MOUNTAINOUS REGIONS ARE SHOWN ONLY TO GIVE CONTINU 

ITY TO THE LINES.    OWING TO THE SCARCITY OF DATA AND THE DIFFERENCES  IN 

SEASONAL OCCURRENCE OF FREEZE-THAW CYCLES BETWEEN HIGH AND LOW AREAS 

WITHIN MOUNTAINOUS REGIONS,  THE  ISOPLETHS IN SUCH REGIONS ARE NOT  INDICA- 

TIVE OF ACTUAL CONDITIONS. 

IN THE FRACTIONAL NOTATION AT EACH STATION ON THE MAP,  THE NUMERATOR 

INDICATES THOSE SEASONS HAVING AT LEAST KO PERCENT OF THE  ANNUAL NUMBER 

OF CYCLES WHILE THE DENOMINATOR SHOWS SEASONS WHEN LESS THAN 10 PERCENT 

OCCUR.    SEASONS NOT INDICATED IN THE FRACTION HAVE BETWEEN 10 AND ko PER- 

CENT   OF   THE   ANNUAL   TOTAL. 

G. FREEZE OR THAW MONTHS (MAP 13) 

THE CIRCULAR GRAPHS CENTERED ON THE SITES OF METEOROLOGICAL 

STATIONS SHOW THOSE MONTHS WhEN FREEZING CONDITIONS (IN SOLID BLACK)  OR 

THAWING CONDITIONS (STIPPLED)  CAN BE EXPECTED TO PREVAIL  AT LEAST 90 
PERCENT OF THE TIME.    FREEZE-THAW CYCLES WOULD BE MOST COMMON DURING 

THE MONTHS THAT REMAIN UNSHADED. 

RELIABILITY CF THE MAP MAY BE CONSIDERED ONLY FAIR  INASMUCH AS ALL 

DATA CAME  FROM TABULATIONS OF RELATIVELY SHORT RECORDS (12,   13). 

H.    FREEZE-UP AND BREAK-UP OF RIVER ICE (MAPS 14 & 13) 

FREEZE-UP LINES (ISOPECTICS)   AND BREAK-UP LINES (ISOTACS)   ARE 

SHOWN FOR THE FIRST AND FIFTEENTH DAY OF EACH APPLICABLE MONTH DURING AN 

AVERAGE SEASON.    THE RELIABILITY OF DATES  IS GENERALLY GOOD EXCEPT WHERE 

LITTLE OR NO DATA WERE AVAILABLE,   AS  IN SPITZBERGEN,   ICELAND,  MOST OF 

GREENLAND,   AND THE LESSER  ISLANDS NORTH OF THE 75TH PARALLEL.    THE PERIOD 



BETWEEN BREAK-UP AND FREEZE-UP OF THE LARGER STREAMS MAY BE CONSIDCREÜ 

AS THE NAVIGATIONAL SEASON.  THERE ARE YEARS ON RECORD WHEN CERTAIN OF 

THE NAVIGABLE RIVERS IN SIBERIA HAVE NOT BEEN OPEN TO THE HASSAGE OF 

SHIPPING THROUGHOUT THE ENTIRE SUMMER. 

THE INFORMATION FOR BOTH MAPS WAS DERIVED PRIMARILY FROM U.S. AND 

BRITISH COASTAL PILOTAGE MANUALS (l,   16)   AND ANNUAL CLIMATIC SUMMARIES 

BY THE U.S. WEATHER BUREAU. 

I.    SNOW DEPTH (MAP l6) 

AVERAGE SNOW DEPTHS FOR THE MONTH OF GREATEST ACCUMULATION ARE 

SHOWN BY ISOPLETHS DRAWN IN 10-INCH  INCREMENTS UP TO A DEPTH OF 80  INCHES. 

WHERE DEPTHS EXCEED 80  INCHES (IN GREENLAND AND THE ALASKAN HIGHLANDS), 

100- AND 120-INCH LINES ARE ALSO INCLUDED.    A 5-INCH LINE APPEARS  IN 

THE BARENTS SEA AND AT THE MOUTH OF THE YANA RIVER  IN SIBERIA TO EMPHASIZE 

THOSE SHALLOW SPOTS.    FOR CLARITY IN DRAFTING,  THE DASHED LINES ALONG 

THE SOUTHEAST COAST OF GREENLAND ARE SHOWN ONLY BY 20-INCH INTERVALS UP 

TO 60° NORTH. 

MAJOR AREAS OF PERMANENT  ICE FIELDS AT HI   HCR ELEVATIONS ARE SET 

APART BY GRAY SHADING TO  INDICATE DEPTHS   IN EXCESS OF  120  INCHES.    THE 

TERM "ELEVATED   ICE  FIELDS" DIFFERENTIATES THESE  MAJOR CCRE AREAS FROM 
THE MANY VALLEY AND PIEDMONT GLACIERS AND MINOR  ICE FIELDS THAT COULD 

NOT BE SHOWN. 

RELIABILITY OF THE MAP IS FAIR TO GOOD THROUGHOUT.    ALL DATA WERE 

TAKEN FROM FALKOWSKI (5) AND HASTINGS (6). 

J'    PRECIPITATION FREQUENCY IN SUMMER (MAPS 17>  18,   19) 

THE MEAN MONTHLY NUMBER OF DAYS WITH OCCURRENCE OF AT LEAST 

0.01   INCH OF PRECIPITATION IS SHOWN BY  ISOPLCTHS IN 2-DAY INCREMENTS FOR 

JUNE,  JULY,  AND AUGUST.    THE BASIC DATA FOR GREENLAND AND SIBERIA HAD TO 

BE ADJUSTED FROM FREQUENCIES GIVEN IN METRIC UNITS (EQUIVALENTS OF 0 .OK 

AND O.OOH INCH).    ELSEWHERE THE RELIABILITY OF THE LINES  IS GOOD. 

THE DATA CAME MAINLY FROM SUMMARIES BY THE U.S.  AND CANADIAN WEATHER 

BUREAUS,  AND FROM THE BRITISH AIR MINISTRY TABLES (2). 

(ERRATA:     IN ALASKA,  THE   INCLOSED I4-DAY LINE ON THE KENAI   PENINSULA 

AND 16-DAY LINE   IN THE  PANHANDLE SHOULD BOTH BE LABELED 12.) 

K.    AHNUAL PRECIPITATI ON (MAP 20) 

ISOHYETS ARE DRAWN AT 5-'NCH  INTERVALS UP TO 25  INCHES PER YEAR. 

IN WETTER AREAS,  UP TO THE MAXIMUM OF 222  INCHES  IN THE ALASKAN PAN- 

HANDLE,   THE   INTERVAL    IS   INCREASED  TO 2^   INCHES. 

THE  INFORMATION ON THIS MAP HAS GOOD RELIABILITY IN ALL  AREAS EXCEPT 

THE ICECAPPED ARCTIC  ISLANDS, WHERE  IT SHOULD BE REGARDED AS VERY POOR. 

ALL DATA WERE DERIVED FROM FALKOWSK I   (5)   AND HASTINGS (6). 
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L.    FREQUENCIES or STRONG WINDS IN WINTEK AND SUMMER (MAPS 21  AND 22) 

THESE HAPS SHOW THE PERCENT or SURFACE WINDS or AT LEAST 25 MILES 

PER HOUR DURING THREE WINTER MONTHS AND THREE SUMMER MONTHS.    LINES ARE 

SHOWN IN 10-PERCENT INCREMENTS AND AT J-» 1';  AND O-PERCENT LEVELS.    THE 

ZERO LINE IS GIVEN TO EXCLUDE THOSE AREAS WHERE THE AVAILABLE PERIOD OR 

RECORD SHOWED NO OCCURRENCE OF WINDS THIS STRONG. 

WIND ARROWS INDICATE THE PREVAILING DIRECTION FOR ALL SURFACE WINDS 

DURING THE THREE-MONTH PERIODS.   THESE ARE NOT NECESSARILY THE SAME DIREC- 

TIONS AS THOSE FROM WHICH THE WINDS EXCEEDING 25 MILES PER HOUR CUSTOM- 

ARILY ORIGINATE. 

OWING TO THE SHORT PERIODS OF FREQUENCY RECORDS AMD THE LOCAL NATURE 

OF WIND CONDITIONS,  THE RELIABILITY OF THE LINES ON THESE TWO MAPS IS 

POOR TO FAIP.    THE  DATA CAME  PRIMARILY FROM RAYNER (12,13). 
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ARCTIC ENVIRONMENT 

MEAN DAILY MINIMUM TEMPIRATURE - COLDEST MONTH 
DEOREES FAHRENHEIT 



-■ ,- 

ARCTIC        ENVIRONMENT 

FEICENT JANUARY TEMPERATURES AIOVE 32°F 
■ 

' 

I TOW 

:■•     ■■!   -.( 



ARCTIC ENVIRONMENT 

PERCENT JANUARY TEMPERATURES RELOW 0oF 



ARCTIC ENVIRONMENT 

MltCIMT JANUARY TEMPERATURES IEL0W-20oF 

8 



  

ARCTIC ENVIRONMENT 

PERCENT JANUARY TEMPERATURES BELOW -30oF 

^■Wk 



ARCTIC ENVIRONMENT 

PERCENT JANUARY TEMPERATURES BELOW -40oF 

■ 

i^ 
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ARCTIC ENVIRONMENT 

PERCENT JANUARY TEMPERATURES BELOW -50°F 

•■'M-.     4't'!f-{» ^ 
'Jdy x.  ; ■■'•rJ.,.:lV 

•v-.^"   . 
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ARCTIC ENVIRONMENT 
90 PERCENTILE FREEZE OR THAW MONTHS 

SAMPI.K STATION 

Below 32° F 

Above 32»f 

OUIINO AN AVIRAOi TIAI, TiMPItATURIS AT THI SAMPli 
STATION All IflOW MIIZINO »OX Of THI TIMC THKOUOHOUT 
THI MONTHS, NOVIMtER ■ MAICH, ANP AiOVI FIIIZINO tO« 
OF  THI  TIMI  THIOUOHOUT THf MONTHS Of JULY  AND AUOUST 

13 



ARCTIC ENVIRONMENT 

MEAN FREEZE-UP'DATE FOR RIVER ICE 

- 

•Hiizi-ur Dinmo AI IHO or NAVIOATION MASONI MINIMUM ICI THICKNISS or six INCHIS 
|t«l« lar all 4hm»»nl,4 travail FOt IACH AOOITIONAl SIX INCH» Of THICKNIH, ADD AmoXIMATHY 
11 PAVI W TO MID-FIMUARY 

■MM .( Irt« '      l—f— ••• .»...i«.»!» II <•>• ~.ll.. 

l».H»Wtl'. Bt-OtMkM W» WlMfrtH Ri-DMiak«' 

Itttuti   «.,1^ 

u 



ARCTIC ENVIRONMENT 
MEAN BREAK-UP'DATE FOR RIVER ICE 

•■(IAK-UP OIFINIO AS OPINING OF NAVIOATION SEASON: ICI IICOMES UNSAFI FOI FOOT TIAVtl 
AND TOTALLY OISAPKAIS WITHIN A FIW DAYS. FO« IACH SIX INCHES OF FOIMEI THICKNESS, SUITIACT 
APFROXIMATELY 12 DAYS SACK TO MID-FEIIUAtY 

OmHt «f l«k« If« kfmk-Ht «r» mppfnimmttlf 20 dmrt imft 

l>-«rrll. Mr-M«r. JK-JOIU. J«-J.lr 

15 



  

ARCTIC ENVIRONMENT 
MEAN SNOW DEPTH - MONTH OF GREATEST DEPTH 

(INCHIS) 

IIIVMID  ICI   MIIOI (dtrlb   imdllUraKllalKI 

flmi     ■    M 

16 
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ARCTIC ENVIRONMENT 

MEAN NUMIER OF DAYS WITH fc 001 INCH OF PRECIPITATION 
JUNE 

17 



ARCTIC ENVIRONMENT 

MEAN NUMIER OF DAYS WITH 2 001 INCH OF PRECIPITATION 
i i JULY 

ISO I70W ISO I70C 
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ARCTIC ENVIRONMENT 

MEAN NUMBER OF DAYS WITH 2= Ml INCH OF PRECIPITATION 
AUGUST 

19 



■ —i-—:  
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ARCTIC ENVIRONMENT 

MEAN PERCENT OF SURFACE WINDS OVER 24 MILES PER HOUR 

DECEMBER-JANUARY-FEBRUARY 

Wind  aitawt  lly  with  lh«  prtvaHing   "All   -   SPEED"  diraclion   lor  lh*  Ihre*  month  ptrlod 

21 



  

ARCTIC ENVIRONMENT 

MEAN PERCENT OF SURFACE WINDS OVER 24 MILES PER HOUR 

JUNE-JULY-AUGUST 

Wind  arrows  fly with tht pr«v«il{nt  "ALL  -  SPEID"  direction  for th«  Ihr««  month  poriod 

roiAi mtiOüiArHic PICJICMON- (IANCAIP rAMim AI «I 

I70W IBO ITOE 
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